Purpose: To evaluate motor and sensory outcomes of 3 or 4 horizontal muscles surgery for the treatment of large-angle exotropia and to evaluate factors influencing the success rate and the relationship between initial postoperative and final motor outcomes.
S
trabismus is an undesirable condition affecting a patient's self-image, interpersonal relationships, and work ability. Surgical treatment may improve muscle alignment and stereopsis even in constant large-angle exotropia defined as more than 50 prism diopters (PD). 1 Patients with intermittent exotropia have better postoperative stereopsis 2 and muscle alignment 3 than patients with constant exotropia.
Large-angle exotropia requires sophisticated surgical techniques to correct muscle alignment. 1 Bilateral surgery involving 3 or 4 horizontal rectus muscles and bilateral lateral rectus recession with unilateral or bilateral medial rectus resection achieved a 75% to 77% success rate. 3Y5 However, bilateral surgery involving only 2 horizontal rectus muscles and bilateral lateral rectus recession achieved a 62% to 76% success rate. 6, 7 Monocular surgery is an alternative procedure to avoid surgery in the dominant eye. 8, 9 Exotropia tends to recur after strabismus surgery. Initial overcorrections of 0 to 10 PD, 9 4 to 14 PD, 10 or 10 to 20 PD 11 have been recommended to compensate for the postoperative exotropic drift. Moreover, the success rate was reported to correlate with preoperative angle of deviation, visual acuity, and age. 7, 8, 12, 13 The primary objective of this study was to evaluate motor and sensory outcomes of 3 or 4 horizontal muscles surgery for largeangle exotropia with a secondary aim to evaluate the influencing factors of the success rate and the relationship between initial postoperative deviation and final motor outcomes.
MATERIALS AND METHODS
This study was approved by the institutional review board and ethics committee of King Chulalongkorn Memorial Hospital and Rutnin Eye Hospital in June 2011. Medical records of patients with primary large-angle exotropia of 50 PD or greater who underwent 3 or 4 horizontal muscles surgery at King Chulalongkorn Memorial Hospital or Rutnin Eye Hospital from September 2005 to September 2011 were retrospectively reviewed. Exclusion criteria were patients with paralytic strabismus, history of strabismus surgery, coexisting ocular diseases other than refractive errors, amblyopia, or restrictive strabismus and patients who had vertical muscle surgery performed in the same setting.
Reviewed data included age, sex, visual acuity, preoperative and postoperative distance and near deviation, stereoacuity, and surgical technique. Initial postoperative deviation was the distance deviation after suture adjustment 3 to 8 hours postoperatively or at day 1 postoperatively for subjects whose surgery was performed without adjustable sutures.
Motor outcomes were the distance deviation evaluated at the last follow-up visit or the follow-up visit at 2 years. Successful motor outcomes were defined as esotropia of 8 PD to exotropia of 10 PD. Acceptable motor outcomes were defined as distance exotropia of 11 to 20 PD. Poor motor outcomes were defined as esotropia of 8 PD or greater or exotropia of 20 PD or greater.
Sensory fusion tested by Titmus stereoacuity was classified as bifoveal (e60 seconds of arc), gross (70Y3000 seconds of arc), or negative. Preoperative and postoperative sensory fusion was compared at the last follow-up and the follow-up at 2 years and was categorized as improved or unchanged.
Motor and sensory outcomes were analyzed by proportion. Influencing factors of successful outcomes were analyzed by Fisher exact test (categorical data), Mann-Whitney U test (continuous data), and multiple logistic regression (multivariate analysis). The relationship between initial postoperative deviation and final motor outcomes was analyzed by receiver operating characteristic (ROC) curves to identify the cutoff point that achieved the highest likelihood ratio. Subgroup analysis was used to evaluate the appropriate range of initial postoperative deviation. Statistics were calculated by using STATA version 11 (StataCorp, College Station, TX).
RESULTS
A total of 36 patients were enrolled in this study. The median duration of follow-up was 18 months (range, 3Y60 months). Patient characteristics are shown in Tables 1 and 2 . All subjects underwent surgery under general anesthesia. Suture adjustment was performed in cooperative patients under topical anesthesia. Bilateral lateral rectus recession ranging from 4Y11 mm was performed with unilateral medial rectus recession ranging from 5Y6 mm for 3 muscles surgery, and bilateral lateral rectus recession ranging from 2Y11 mm with bilateral medial rectus recession ranging from 4.5Y6 mm for 4 muscles surgery.
Successful motor outcomes were achieved in 69% and 75% of patients at the last follow-up visit and at the follow-up visit at 2 years, respectively (Table 3) . Among the 6 patients (17%) who had poor outcomes, 5 patients had residual exotropia of 25 to 40 PD, and 1 patient had esotropia of 10 PD at the last follow-up. Sensory outcomes improved in 43% and 56% of patients at the last follow-up visit and at the follow-up visit at 2 years, respectively (Table 4) . Bifoveal stereoacuity was detected in 4.3% of patients preoperatively and 30.4% and 33.3% postoperatively at the last follow-up and the follow-up at 2 years, respectively.
It was found that sex, visual acuity, number of muscles surgery, age, follow-up duration, and preoperative distance PD did not correlate with the success rate at the last follow-up. Univariate and multivariate analyses revealed that initial postoperative distance deviation was significantly correlated with the success rate at the last follow-up (P = 0.011 and P = 0.018, respectively) ( Table 5) .
Relationship between initial postoperative deviation and final motor outcome was evaluated by ROC curves (Fig. 1) . Esotropia of 8 PD was found to be the cutoff point that influences successful motor outcomes. Subgroup analyses of initial postoperative deviation were done. Initial overcorrection of 8 PD or higher (range, esotropia 8Y22 PD) achieved successful motor outcomes in 90% of patients (19 out of 21) at the last follow-up and 89% of patients (8 out of 9) at the follow-up at 2 years. All patients (n = 13) who had initial overcorrection within 8 to 14 PD had successful outcomes at their last follow-up before 2 years (n = 13) or at the follow-up at 2 years (n = 5). On the other hand, initial overcorrection of less than 8 PD (range, exotropia 25 PD to esotropia 4 PD) resulted in successful motor outcomes in 40% of patients (6 out of 15) at their last follow-up visit and 57% of patients (4 out of 7) at their follow-up at 2 years.
DISCUSSION
Ocular alignment in large-angle exotropia can be restored by sophisticated surgical techniques such as 3 or 4 horizontal rectus muscles surgery, 3Y5 2 horizontal rectus muscles surgery, 6, 7 and monocular recession-resection surgery. 8, 9 This study included patients with large-angle exotropia of 50 PD or more who underwent 3 or 4 horizontal rectus muscles surgery. The success rates of this study were 69% at the last follow-up and 75% at the follow-up at 2 years, which were comparable with rates of 62% to 83% in other studies. 3Y7 The median follow-up time was similar to 1.75 to 20 months in other studies.
3Y7 Results of previous studies are summarized in Table 6 .
The success rate at the follow-up at 2 years was higher compared with the success rate at the last follow-up, which could be explained by exotropic drift that reduces overcorrection over a period of time. This was demonstrated in 1 patient with esotropia of 12 PD at 6 months and orthophoria at the follow-up at 2 years and another patient with esotropia of 10 PD at 1 year. Surgical outcomes were believed to continue to improve postoperatively as time passed. Last follow-up (23 patients) 43% 57% 2-y follow-up (9 patients) 56% 44% Successful or acceptable motor outcomes that did not require further surgical management were seen in 83% and 94% of patients at the last follow-up and at the follow-up at 2 years, respectively. Seven patients with poor motor outcomes were recommended to have another operation. However, only 1 patient decided to pursue reoperation.
Surgical treatment of exotropia can improve stereopsis even in constant large-angle exotropia. 1, 2 This study demonstrated improvement of stereopsis in 43% and 56% of patients at the last follow-up and at the follow-up at 2 years, respectively. However, not all patients were able to perform preoperative and postoperative stereoacuity tests. Twenty-three patients (23/36) were evaluated at their last follow-up, and 9 patients (9/12) were evaluated at the follow-up at 2 years.
Success rates were better in subgroups of intermittent exotropia, 3 3 or 4 horizontal rectus muscles surgery, 4 preoperative exotropia 50 to 60 PD, 7, 8 initial overcorrection of esotropia 0 to 20 PD, 10Y12 better visual acuity, 13 and patients aged 6 years.
14 In this study, initial postoperative distance deviation (initial overcorrection) was the factor that was related to the success rate in the univariate and multivariate analyses. Receiver operating characteristic curves were used to identify the initial postoperative angle of deviation that gave the best specificity and sensitivity (ie, highest likelihood ratio). The cutoff point was found to be esotropia of 8 PD, and initial postoperative deviation should be esotropia of 8 to 14 PD to achieve the highest successful motor outcomes, which was comparable with other studies.
10Y12
In conclusion, 3 or 4 horizontal muscles surgery is an effective procedure in the management of large-angle exotropia. Initial overcorrection is recommended to maximize long-term success.
